Tube hydroforming (THF) is an innovative method with a potential to form parts of various geometric complexities from tubular materials using pressurized fluid as a soft die. The process has numerous advantages over stamping: a) high strength to weight ratio, b) part consolidation, c) accuracy, d) improved stiffness, e) reduced scrap rate, and f) design flexibility.
INTRODUTION
Tube hydroforming is a process that is used to manufacture rigid light-weight parts with complex cross sections by applying an internal hydraulic pressure, in combination with axial feeding or axial compressive loading. Tribological conditions in tube hydroforming (THF) are extremely important, since these conditions have a high influence in the final geometric characteristics and mechanical properties of the part formed by the THF process. For instance, failure due to wrinkling, buckling, bursting, the finished part's thickness distribution, unacceptable surface integrity and part tolerance are parameters that are influenced by the contact and relative motion conditions between the tube and the die. Therefore, Tribological conditions in tube hydroforming are of paramount importance for part integrity, quality and process repeatability.
One approach that is taken to improve Tribological conditions in THF is to apply a lubricant between the tube and the die. The friction force acting against material movement may be reduced by having a lubricant that has a low shear yield strength, which separates the two surfaces in relative motion. However, depending on the type of deformation taking place, the lubricant film thickness may be reduced due to surface enlargement, lubricant entrapped in asperities or a high pressure differential in the lubricant film from one location to the other. This reduction results in the allowance of metal to metal contact to occur, which is not desired as it enhances die wear and affects the finished part's surface.
In order to maintain a consistent amount of lubricant to be present between the tube and the die during a process, the mechanics by which the lubricant is transported from one region to the other must be understood. The rate at which the lubricant flow may then be manipulated in order to allow the migration of lubricant from a region with a greater amount of lubricant to another in which a minimum film thickness is observed. Therefore, in order to control lubricant flow, a surface texture that is composed of micro channels may be used in order to insure that at all times during a specific process, a minimum amount of lubricant is present between the tube and the die. The main objective of this study is to develop a surface texture (which is composed of engraved micro channels) that will improve Tribological conditions at the die/tube interface during the expansion process in tube hydroforming.
The interface pressure is achieved by pressurizing hydraulic fluid inside a tubular specimen that is placed inside the die inserts until the required pressure is reached. After that, the pear-shaped geometry formed from the tubular blank is analyzed. The principle underlying this test is that as friction increased at the tool workpiece interface, the protrusion height of the deformed tube will decrease [ Figure 1 ]. Thus lubricant effectiveness can be determined based on a) wall thickness distribution:-change of maximum thinning of the tube wall near the apex of the pear-shaped formed tube as a function of lubricant, (b) protrusion height (PH):-higher the PH the better the lubricant and, (c) bursting pressure:-higher the bursting pressure the better the lubricant [1, 2] . Figure 2 shows the performance results of several lubricants determined using this test. 
DETERMINATION OF DIE MICRO CHANNEL PROFILES TO ENHANCE LUBRICANT PERFORMANCE
The two parameters that were used to establish die surface texture are the geometry and the density of the engraved depressions. In order to establish these parameters, the characteristic material movement of an expanding tube in a pear shaped tooling at the tube's outer surface was observed using the finite element method with different coefficients of friction. The types of local lubricant starvation that took place at the tube/die interface were related to the amount of local tube surface velocity (related to the transport of lubricant entrapped in the lubricant pockets), local surface expansion (related to the thinning of the lubricant film) and contact pressure (related to the transport of lubricant due to pressure differentials). Based on the severity of lubricant starvation and its location along the perimeter of the deforming tube, the selection of the parameters that yield a proper design (e.g. micro channel depth, channel geometry, engraved channel density) was conducted. The numerical analysis of pear shaped test showed that engraving dies with micro channels of varying density in regions AC and CB can enhance lubricant performance [ Figure 3 ]. Experiments are currently being conducted to determine performance improvement of the lubricants with micro channel engraved dies. 
